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A field experiment was conducted at two locations in Utah, one at 
Erda in Tooele County and the other at Minersville in Beaver County . 
Each experiment was designed as a randomized bl ock design with five 
treatments and four replication s for each treatment. The test crop 
was alfa lfa. Three cuttings were taken from each location to estimate 
the yield. Soil samples from the first 12 inches and subsoil samples 
from 12-24 inches were taken to determine the available NaHC03-P in 
the soils. Plant samples were taken to determine the P content of the 
crop. The results showed that with 5 ppm soi l-test P, P content in 
crop was above the critical level . There was no increase i n yield 
resu l t ing from adding different levels of P to the soil. This con-
el usion suggests that the criteria used at the soil - testing laboratory 
at Utah Stat e University should be modified. The criteria used had heen 
based on samples from the first 6 inches of the soil and from 
previous investigations. The limit used for low P status for the 
soil s was 8 ppm. 
(66 pa ges) 
INTRODUCTION 
Phosphorus has been recognized as an essentia l macronutrient in 
plant nutrition . Many workers have s tudied the chemistry of P in the 
soil sys t em . Cole (1956), Olsen et al . (1960), and others have con-
cluded that the chemistry of P in ca l careous so il s involved the 
reactions of slightly soluble calcium phosphat e. P is essen tia ll y 
immobile in soils (Williams, 1971; and Logan and ~1clean, 1973) and it 
moves to the pl an t root s by diffusion (~1ahtab et a l. , 197 1). The 
so luble portion of P fertilizers soon becomes relatively insoluble due 
to its reaction with the soil cons t i tuents (Larson and Widdowson , 1970), 
but the residual effect from applied phosphate may extend for many 
yea r s after application (Matocha et a l. , 1970). 
Research in Utah has long been directed toward finding the most 
profitab l e rate of fertilizer application as a factor of crop produc-
tion, particularl y on irrigated soils . Further r esearch i s encouraged 
because phosphor us is involved in the eutrophication of surface water 
(Griffin and Jurinak, 1973). 
Alfa lfa is the most important field crop in Utah . Thomas (1973) 
showed that alfalfa was grown on 41 percent of the cultivated land in 
Utah. The natural habitat of alfa lfa is semiarid with calcareous 
soi ls. Lime in the soil is f avorab l e for alfalfa (Kliewer and 
Kennedy, 1960 ; and Pohlman, 1946). The long days during summer 
(Massengal e t a!. , 1971) and l ow humidity with ca lcareous soils aud 
i rrigation make alfalfa a na tu r;,l for Utah . 
Since 1932 when Pittman and Burnham (1932) showed that alfalfa 
responded to P, various studies have involved the status of P and K in 
Utah . From the work in the early fifties (J. P. Thorne), it was con-
cluded that soils which contain more than 12 ppm NaHC03-P were ade-
quately supplied with P, and the soils which contained less than 7 ppm 
NaHC03-P were most likely to respond to P. In the same study it was 
shown that the critical level of P in alfalfa is 0.18 percent. 
Lamborn (1975) summarized the new criteria agreed on by the 
Northwest Soil and Plant Group to describe the adequacy of P for dif-
ferent crops as follows: 
Soils containing less than 8 ppm NaHC03-P respond to P fertilizer; 
and between 8-10 ppm NaHC03-P, the soil P is marginal, and more than 
10 ppm NaHC03-P, no fertilizer is needed. 
The soils studied in this research were found to be low in 
soil-test P, according to the above-mentioned USU Soil Testing Labora-
tory criteria. The purpose of this research was to test the validity 
of the criteria. In particular, the research had two objectives: 
1. Correlation of soil-test phosphorus with crop response to 
fertilizer. 
2. Correlation of soil-test phosphorus with rate of applied 
phosphate fertilizer. 
REVIEW OF LITERATURE 
The extractants used for the 
determination of the readily 
available P i n soils 
A useful chemical extractant for available P should meet these 
criteria: (a) measure all or a definite proportion of the various 
forms of P in amounts relative to that absorbed by plants, (b) 
correlate to a high degree with plant uptake and yield response to 
added P, (c) minimize the secondary precipitation and adsorption 
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reactions during the extraction, and (d) be adaptable to rapid routine-
test procedures. The existence of many test methods is due to the 
failure of a given method to fulfill these criteria on a wi de variety 
of soils. 
There are important reasons for the limitations in the correla-
tion of conventional soil tests "ith crop responses. These include: 
1. Soil het e rogeneity, even in relatively uniform fields. 
2. Presence of limiting factors for crop growth other than the 
element included in soil tests, e.g. soil moisture. 
3. The variable depth of the root zone in the different soils. 
4. The differing nature, amount, and reactivi t y of the soi l 
colloids. 
Different groups of soils require different amounts of P as 
measured by the same method. Susuki et al. (1963) concluded that a 
tes t which would evaluate the mure easily soluble portions of Ca-P and 
Al-P, such as the Truog test, would give the best measure of immediate 
availability. While a test which would give a measure of the Al-P, 
such as the methods of Bray and Olsen, would give a better evaluation 
of the long-time availability of soil P. 
The major methods used for measuring P availability are: 
4 
l. Truog: In 1930, Truog advised the use of a so lution of 0.05 N 
H2so4 buffered at pH 3 with (NH4) 2so4 ".s a solvent which has the same 
strength as the one operating in plant nutrition which is a saturated 
so l ution of Hlo3 with pH 3.7. The suggested solution is four times 
stronger than the H2co3 solution, but the intensity decreases as it 
contacts the soil, while H2Co3 is renewable by root extraction. 
Buffering is desirable since the solvent should not be reduced in 
strength and it should flocculate the soil, thus giving a clear water 
extract. High ratio of solvent to soil helps to Jessen refixation and 
maintain a more constant strength to the solvent. All the readily 
avai l ab l e P is dissolved during the first 30 minutes . 
2. ~: Bray and Kurtz (1945) recognized the acid extractants 
removed the easily acid-soluble forms but did not release the adsorbed 
forms, except when they were found in high amounts . Neut ral NH4F was 
suggested as a reagent for removing the adsorbed forms of phosphate. 
In soi l s with pH Jess than 6, the adsorbed forms are more abundant than 
at higher pH. They showed that this method gave excellent corre l ation 
between chemical values and crop response to added P. This Bray method 
is actually four separate methods, each designed to measure a different 
fraction of P: 
~1ethod 1 for adsorbed form: It removed only a proportional part 
of this form in the time used. The solutions arc 0.03N NH4F and 0.025 
N HCl. The time of shaking is one minute. 
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Method 2 for the adsorbed and acid solub l e forms: It removes only 
a proportional part of these forms in the time used. The solutions 
used are 0.03N NH4F and 0.1 N HCl, and the time of shaking is 40 
seconds. 
Method 3 for the quantitative estimation of the adsorbed form: 
The solution used is 0.5N NH4F, and time of shaking is one hour . 
Method 4 for the quantitative estimation of the adsorbed and acid 
soluble phosphate: There are two solutions and two extracting periods: 
The soil is shaken for 30 minutes with O.IN HCl, then 0.5N NH4F is 
added , after which the shaking is continued for 60 minutes more. 
3. Fried and Dean: In 1951 they introduced the "A" value con -
cept. This concept implies that a plant having two sources of a 
nutrient will absorb this nutrient from each source in direct propor-
tion to the amounts available. The quantity of available nutrient can 
he determined in terms of a standard, provided the proportion of the 
nutrient in the plant derived from this standard is measured. TI1e 
equation used is : 
A ~) y 
A amount of nutrient in the soil. 
B amount of nutrient in the standard. 
y proportion of the nutrient in the plant der i ved from the 
standard. 
4. Olsen: Olsen eta!. (1954) described the extraction of soi l P 
by 0.5M NaHC03 at pH 8.5 in calcareous soils. It is known that Ca -P 
solubi l ity is a function of pH and Ca activity with a minimum 
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solubility between pH 7-7.5. The solubility increases on both s ides of 
this range. The Ca activity in a soil water sys t em is repressed with 
NaHC03 solution at pH 8 . 5. In a O.SM solution the equilibrium Ca 
concentration is 857 times smaller than in a pure Caco3-H2D system in 
equilibrium with atmospheric C02. In acid and neutral soi ls the P 
present as Ca-P becomes more soluble by using NaHC03 due to the forma-
tion of CaC03 at pH 8. 5 and the competition of HC03 ions with adsorbed 
phosphate. Thus the NaHC03 method is app l icable to both acid and 
neutra l soils . They found that NaHC03 extracted SO percent of the sur-
face Pin 25 soi ls ranging in pH from 5.0-7.6. They found that NaHC03-
solubl e P was closely related to P which is available to plants. They 
realized that the relative differences in t he extractable P were less 
at pH 8.5 than at pH 9 as the soi l pll wa s changed. Ther efore, at pH 
8.5 the l evel of extr actabl e P ~;ould be more uniform for a group of 
soi l s varying in pH. They found a close relationship between "A" 
values and NaHC03-soluble P in a group of acid and ca l careous soil s. 
Thi s relationship was closer than the Bray method or the Truog method. 
They found that the relationship between expected yie ld response t o 
applied phosphat e and the leve l of NaHC03-so l ub l e P was as follows: 
Be low 6 ppm P, a response, 
6- 12 ppm, a probable response, 
More than 12 ppm, a response unlike l y. 
5. Exchange resin: Amer et al. (1955) used another approach fo r 
es t imating soil P availability. lfuen a so lution of orthophosphate 
labeled with P32 is added to the soi l, it equi l ibr at es with the solid -
phase soi l P. The quantity of soi l P with wh i ch the added P has 
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equi l ibrated can be calculated from the quant ity of P and the proportion 
of r 32 in the solution. This method has two advantages. First, the 
conditions during measurement are not altered . Second, the measurements 
r ef lect the behavior of the soil P. Thi s method has two disadvantages: 
Too much time i s renuired to obtain equi l ibri um, an d the rate of phos -
phate exchan ge mny not be an es timate of soil P avai lability. 
As an a lternative method, an anion exchange resin was used. The 
anion exchange resin would remove P from the soil so lution analogous 
to pl ant removal of P and would not return another phosphate in ex -
change. They. showed that without the resin the correl at ion coefficient 
bet ween "A" values and P extracted by Bray's method was 0.91. Using the 
anion exc hange resin, t he correlation coefficient was 0.95. The rate 
of P adsorption by the resin was proportional to the P concentration 
and wa s independent of the rate of diffusion of adsorbed P in the 
resin. The rate of P adsorption by the resin was contro ll ed by the r at e 
of P release from the solid phase. They found that the quantities of 
P adsorbed by the resin were l ess than those equ ilibrated with r32 
during t he same time. 
Other method s of extracting availa bl e phosphorus have been 
investigated. 
Eva luation of the method s 
Swenson et al. (1949) conc luded that the efficiency ofF ions in 
rel easi ng co ll oid -bound phosphate depended on its ability to fo rm stable 
complexes with Fe and Al. 
Turner and Rice (1951) showed when neutral N114F reacted with 
1\ 1(011) 3 gels to form (NH4 ) 3 Al F6 , the phosphate sorbed by the ge l s wa s 
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released by F ions. Fe(OH) 3 gels were not attacked by F and the phos-
phate adsorbed was not released. The efficiency of F t o extract 
adsorbed phosphate was due t o the stabilit y of the complex formed i n 
neutral and a lkal i ne solutions and to the nonadsorbent nature of it, 
while acid NH F can compl ex both Al and Fe. 
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Thompson and Pratt (1954) showed that extrac tion of P from sand y 
soi l s was greatest by the acetic acid method, considerable by Truog 
and least ~Vi th a lactate. The process was disso l ution of Ca-P from 
the coarse partic l es. Truog is more effective on c lay soi l s due to the 
wider extractant /solid ratio which lessens the desorption of P. Lac-
tate values ref l ec ted the adsorbed P on the clay. 
Smith et al. (1957) found t hat addition of F(0 .03N) to dilute 
ac id (0.025N HCl) repressed the so l ubility of certa in forms of P in 
ca l careous soi l s ~Vhich were extracted by using acid alone. The F ions, 
when present ~Vith the dilute acid, tended to repress the sol ubility of 
phosphate in rock phosphate or tri basic combination . This repres sive 
effect did not occur where mono or dibasic Ca-P "ere i nvolved . Both 
Fe-P and Al-P were more soluble in the presence of acid and fluoride 
than in dilut e acid alone. Using a low ratio of so il/solution i n 
highly calcareous soi l s gave tmsatisfactory extraction due to the 
expenditure of t he acid by CaC03 . A ratio of 1:50 was re l evant . 
Fife (1958) eva luat ed W~F as a selective extrac t ant for Al-P . 
lie found that Fe-P resisted alka line hydro l ysis of 0 . 5M NH/. l-Ie 
showed that the most general selective delineation of Al -P was ob-
tained at pll 8 . 5. 
Chai and Caldwe ll (1959) found that the Bray-1 method extracted 
more P in acid soi l s than ca l careous soi l s, ~Vhil e Bray- 2 extr acted 
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more P from basic soils. They found a high corre lation between Bray-! 
and Bray-2 ~<ith Al-P. The NaHC03 method had a high correlation with 
Fe-P and Al-P. The basic nature of this solvent favored the extraction 
of Fe-P and Al-P and to some extent, Ca-P. 
Franklin and Reisenauer (1960) found a close relationship bet~<een 
"A" values and NaOAc-P (r = 0.916), with NaHC03-P (r = 0.838), with 
NH4F-HCl-P (r = 0.552). NaHC03 gave the best corre lation over a wide 
range of soi l s, whereas NaOAc was best for soils in the acid range. 
Chang and Juo (1963) found that Truog' s method extracted a large 
amount of avai l able P in soils high in Ca-P. Bray's method extracted 
large amounts of P from three groups of soils, s ince HCl dissolved 
Ca-P, "nd r in an acid so lution replaced AI -P and Fe-P. They found t hat 
Peech's method (sodium acetate-acetic acid) was weak in dissolving 
inorganic soil P. Olsen's method extracted l arge amounts of P from 
soils high in Fe-P, since alkaline solutions hydrolize Fe-P and Al-P 
but do not dissolve Ca-P. In soils high in Ca-P, Olsen's and Bray-1 
methods were highly correlated, since the extractants were similar 
in dissolving inorganic P. Bray-2, Bray-4, North Carolina (0.05N HCl 
+ 0.025N H2so4), and Truog methods were highly correlated. 
Pratt and Garber (1964) stud ied the effect of i ncreasing c l ay 
content in decreasing the effectiveness of the Bray and Ol sen methods 
i.n extracting P. The problem ~<OS related to the exhaustion of the 
reagent in the Bray method. With the Olsen method, exhaustion of 
r eagent and secondary precipitation were involved. They found that 
NaHC03-P was correlated ~<ith NH4Cl-P, NH4F-P, and NaOH-P. 
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Blanchar and Caldwell ( 1964) showed that Bray-! extractant was not 
suitab l e for estimating available P on calcareous so il s. They found 
that widening the soil:Bray- 1 extractant ratio from 1:10 to 1:50 
greatly improved the correlation. 
Grigg (1965) examined the solubil ity of P frac tion in five 
extracting so lutions . Each fraction was correlated with each extrac-
tant and his results were summarized as follows: 
~let hod Al-P Fe - P Ca-P 
Truog slight poor excellent 
Bray- I excellent poor poor 
Bray-2 excellent poor excellent 
Olsen excellent slight poor 
Egner-Riehm good poor good 
Egner-Riehm ext r ac tant is ammonium l actate and acetic acid. 
John et al. (1967) showed a high correlation between Olsen and 
Bray-! methods with plant P over a ~<ide range of soil s. 
Ozanne and Shaw (1968) showed a l inear and close correlation 
bet~<een the P required with P sorbed ( r = 0.96) in fertilized and 
virgin soi l s . On soils of medium to hjgh P s t atus , the additional use 
of buffering capac ity improved the relationship. Low levels of NaHC03-P 
were adequate for maximum yield in soils of low buffering capacity and 
higher levels were required for maximum yields in soils of higher 
buffering capacity. 
Martens et al. (1969) showed that dilute acid extracts P from the 
Ca-P fraction which is not avai l able to plants, and th ese values were 
not related to P uptake from soi l s high in Ca-P. 
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Sherell (1970) showed that the majority of the methods extract 
only Al-P and/or Ca-P. Fe-P is extracted only with Bray-1 at 1:50 
soil/solution ratio. Increasing the time of shaking and widening the 
soil/solution ratio with Olsen's method doubled the P extracted. With 
soi l s containing allophan e, increasing the time of shaking from one to 
five minutes slightly decreased the phosphate due to resorption. 
Nielson and Lamborn (1970) sh01;ed that the Olsen method could have 
fair to good predictive value in determining P deficient soils in 
northern Utah. 
Vaidyanathan and Talibudeen (1970) showed that phosphate extracted 
by ion exchange resins is a ll;ays from the isotopically exchangeable or 
from the labil e pool of P. 
Griffin (1971) found that the Bray-1 va lues decreased with increas-
ing pll. This may have been caused by a decrease in the F activity due 
to the formation of a complex between F and Ca. 
Dean and Ruhal (1972) sh01;ed that the Ol sen and Bray methods 
removed a significant amount of adsorbed P and Al-P in ca lcareous soils. 
Olsen's method was more close l y related to Al-P and adsorbed P than 
the Bray method. They found a correlation between Olsen's available 
P and the P content of some Indian plants. A significant correlation 
was found between phosphate potential and the P determined by the Olsen 
and Bray methods. 
Matar and Samman (1975) showed that the Olsen method was adequate 
for soils of diverse genetic origin. 
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Phosphorus and alfalfa in Utah 
Thomas (1973) showed that alfalfa was grown on 41 percent of the 
cult ivated land in Utah. This comprised abou t 460,000 acres, largely 
on irrigated land. It contributes about 50 million dollars annual 
income as hay and another 250 million dollars through sales of live-
stock . It is considered as the most important crop in the sta t e. 
The annual production of alfalfa amounts to approximately 1.5 million 
tons, with an average yield of about 3.25 tons per acre. 
The natural habitat of alfalfa is semiarid, involving alkaline 
calcareous soils . Lime in the soil is favorable for alfalfa. The long 
summer days, low humidity, calcareous soils, and irrigation water make 
alfalfa a natural for Utah. 
Studies have been conducted for more than forty years to determine 
the fertilizer needs of this crop. The first exper iment where P was 
applied on alfalfa in Utah was conducted by Pittman and Burnham (1932). 
The experiments have shown that the most generally deficient nutr ient 
for alfalfa is P. Phosphate needs can be met by plowing the phosphate 
down, drilling it into the soil, or broadcasting it on the soil surface. 
For new seed in gs of alfalfa, it has been better to apply the phosphate 
and plow it down before planting. Established s tands of alfalfa can 
effectively use P applied on the surface. Drilling or broadcasting 
are equally effective. Fa ll applications are usually superior to spring 
treatments when measured in terms of first cutting response in the crop. 
P content of alfalfa is relatively high. IVhere soil- t est va lues 
are low, alfalfa usually shows marked res ponse to the app li cation of 
P. Utah experiments showed that the P content of the crop should not 
be allowed to fall below 0.18 percent. The P content increases with 
the app li cation of P. 
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Utah soils range in pH from 6.5 to 10. Unless affected with sa lts, 
most of the irrigated soils are in the pH range of 7.2 to 8.4. The 
soi l-test P varies widely depending on fertilizer practices. 
Previous resea rch in Utah (J. P. Thorne) ha s indicated critical 
P soi l-test levels as follows: 
Low 
Less than 7 ppm P 
~ledium 
8-11 ppm P 
High 
12+ ppm P 
In fields having P deficiency, it was found that adding 86 pounds 
per acre was as effective as 129 pounds. The re s idual effect of the 
higher rate, however, was superior to the lower rate. On soi l s 
extreme l y deficient in P, it is desirable to add a large initia l app li -
ca tion. If the deficiency i s not sever e, a treatment of 200 pounds 
of CSP per acre every three or four years is adequate. This rate is 
more profitable than higher rates. 
The residua l effects can persist for years. Field tests have 
shown yield responses four years following the application of 200 
pound s of CSP per acre. After one heavy treatment (2600 pounds of CSP 
per acre) yield increases were mea sured for 12 years . 
On soils with low P, the P content of alfalfa is directly influ-
enced by the amount of P added . P content of alfalfa grown on soils 
containing an adequate supply of P cont ains 0.2 to 0.25 percent P. 
Alfalfa having only 0.15 percent P may cause a parturient hemoglobinemia 
disease in dairy cows . 
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Soil test correlation in Utah 
To study the P and K status of the soils in Utah, an extensive 
sampling program, including the soil and the crop growing on it, was 
conducted on the irrigated soils in Utah in 1952. Paired soil and 
plant samples were coll ected. The soil was taken from the 0 to 6 inch 
depth; and the entire above ground portion of a lfalfa was collected 
from the immediate vicinity of the soil sampled. All sites were 
sampled just before the first cutting of hay . The soil samp l es were 
analyzed for bicarbonate-P and alfalfa was analyzed for total P. The 
results indicated some relationship between the P content of the 
soils and the geographic r egions. The correlation between texture and 
P content was poor. 
According to the results obtained, it could be concluded that 
alfalfa at about the one-third bloom stage which contains less than 
0.18 percent P is deficient in th at element. Soi ls that contain 
greater than 12 ppm bicarbonate- P are adequately supplied, while soils 
with 6-12 ppm bicarbonate-P will probably show a response to P. 
Whereas, soi l s below 6 ppm are most likely to respond to P. 
About 50 percent of the sites sampled had adequate P in both 
soils and plants. Less than 25 percent of the sites were highly 
deficient. More than fifty percent of the samp l es that indicated a 
probable deficiency in the soil had adequate P in the crop. This was 
due to the hi gh P content below 6 inches . Thi s s tudy showed that 
the majority of th e irrigated soils in Utah are well supplied with 
P due to the use of manure and chemical fertilizers. No obvious 
geographical distribution of P-deficient areas in Utah was observed. 
IS 
The de f iciencies occur throughout the s tat e on a wide variety of soils. 
A six-year s tudy at the Panquitch farm showed that the frequency 
with wh ich the P was applied is r elatively unimportant as measured by 
t he yield and P content of the alfalfa (1960). A significant difference 
in yie ld was found between the f ertili zed and unfertilized soi l s. The 
t otal amount of P removed by the crop was c lose ly related to the amount 
applied, and the res idual soi l -test va lue of P. The soil-test a t the 
end of the test was the same for the check and the plots fertil ized a t 
the 33- and 66-pound rates. Thi s indicated that the fertilizer at 
these l eve l s had been exhaus t ed. An appreciable amount of available 
P was l ef t i n the soi l at the end of the six-year period in plots 
where 132 and 264 pound s were added. 
Nielson and Lamborn (1970) carried out a field survey to estimate 
the P status of dry-land soi l s in northern Utah. They concluded that 
the presence of lime on the surface l ayers indicated a soil deficient 
in P due to erosion of the topsoil. 
Current status of soil test stand -
ization in nine northwe s t states 
The firs t attempts at standardi zat ion of soi l t es ting in the 
Northwes t began i n 1958, and was initiated by those who were involved 
in soi l te sting at the colleges and universities. In 1969 the fir s t 
s t ep wa s t aken towards a s tandardi zed so il te s ting program which 
i nc luded: soi l samp ling, soi l ana l ysis, corr e l a tion-calibration, 
i nt erpretation, and terminology . The first s t ep to be taken was in 
standardizing the t erms and uni t s used for reporting soi l tes t resu lt s. 
Halvorson (1970) reported in the Twenty-fir s t An nual Pacific Northwest 
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Fertilizer Conference that four methods were used in the five states, 
Washington, Oregon, Idaho, Utah, and ~lontana. The bicarbonate method 
was used in four states on neutral to alkaline soi ls . In Montana, 
these soils were tested using a modified Bray-1 method. For acid 
soils, Idaho and Washington used sodium acetate, while Oregon used 
Bray-1, and Montana used the modified Bray-1. California, Nevada, 
Colorado, and Arizona agreed to participate in the s t andardization 
program in 1969 . 
Lamborn (1971) reported the soil test precision among nine states 
regarding P and K. According to the results obtained, a good precision 
in soil testing values was achieved. 
Lamborn (1975) summarized the achievements of the Northwest Soi l 
and Plant Group regarding soil test correlation data, the app licable 
fertilizer guides for the various states, and the tentative soil test 
adequacy level for P and K for several of the major crops. The proce-
dure followed for P was the extraction with 0.5 M NaHC03 at a 1:20 
soil solution ratio. Sampling depth was the surface 12 inches as 
reported by Dow (1974). According to this paper, a new cri teria for 
soil P was used for different crops. For alfalfa the criteria is: 
Less than 8 ppm NaHC03-P, fertilizer is needed. 
Between 8-10 ppm N~~03 -P, the soil P is marginal. 
More than 10 ppm Na!ICO -P, no fertilizer is needed. 
3 
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SOILS AND METHODS 
Soils 
Two locations were selected for this study. The first was Er da, 
Tooele County; and the other was Minersville, Beaver County. No 
fertilizer had been applied to either of the fields for many years. 
Both fields had uniform stands of alfalfa. 
Description of the soils 
Erda soil. This soil has a pH of 7.7 and an ECe of 0.5 mmhos/cm. 
The texture is silt loam with a relatively high content of lime. 
Minersville soi l. This soil has a pH of 7. 5, and ECe of 1.4 
mmhos/cm, and a relatively high lime content. 
Fie l d plot design 
A field experiment with randomized complete block design was 
established on each of the two locations. Each experiment i ncl uded 
five rates of concentrated superphosphate (0-45-0), and the treatments 
were replicated four times on 11 x 40ft plots. The rates of app l ica -
tion of CSP were 0 , 10, 20, 40, and 80 pounds of P per acre, as shown 
in Tables and 2. The fertilizer was broadcast and t he crop was 
irrigated by sprinkler . The check plots in each experiment (A) were 
sampled at a depth of 0-12 inches before the application of the 
ferti l izer and at the end of the experiment . Subsoi l samples at the 
12-24 inch depth were also taken from the check pl ots, and surface 
soil samples were collected from the rest of the plots at t he end of 
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the experiment s. Bicarbonate so l ub l e- phosphorus was determined on all 
the soi l sample s . 
Table 1. Fertilizer treatments at Erda 
Treatment 
p P20S TSP TSP Date 
lb s/acre l bs/acre. lbs;acre lbs/plot 
A 0 0 0 0 3/2S/7S 
B 10 22 . S so o.s 3/2S/7S 
c 20 4S !00 I 3/2S/7S 
D 40 90 200 2 3/2S/7S 
G 80 180 400 4 3/2S/7S 
Table 2. Fert ilizer treatment s at Minersville 
Treatment 
p P20S TSP TSP Date 
lbs /acre l bs/acre Jbs/acre Jbs/p!ot 
A 0 0 0 0 3/6/7S 
B 10 22 . S so o.s 3/6/7S 
c 20 4S 100 l 3/6/7S 
D 40 90 200 2 3/6/7 S 
E 80 180 400 4 3/6/7S 
Three cuttings of alfa lfa were harvested at each location . The 
first cutting at Minersvil l e was harves t ed earl y because of weevil 
damage, and its yie ld was not included in the total yi eld. The green 
weight of each plot was measured at each cutting by weigh ing the hay 
from a 3-foot strip cut through the middle of the pl ot. A green sample 
was taken from each pl ot to measure the dry weight percentage after 
drying it in the drier for one week. 
Twenty plants we re co llected from each p l ot at each cutting for 
chemical analysis for phosphorus content. 
Greenhouse experiment 
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A greenhouse experiment was conduct ed using the untreated soil from 
each l ocation . The soil was taken fr om the top 2-3 inches in the check 
plots. It was air-dried, and 2.5 Kgms of dry soil was added to each 
pl as t ic pot. Potass ium phosphate (K2HP04 · 3H20) was added at r ates 
s imilar to the field experiment based on the weight of a 6-inch depth 
of soil on an acre. Four r ep lications for each treatment were made; 
0.0, 0.0125, 0.025 , and 0.05 gm of P as K2HP04 •3H20 were added to A, 
B, C, and D treatments, r espective l y , to both soi l s . In addition, 0 .1 
gm was added to the E treatment on th e Minersvill e and the G treatment 
on the Er da soil. Plant samples were analyzed fo r P content. 
Laboratory procedures 
NaHC03~. Soil-tes t P was determined by the sodium bicarbonate 
method of Olsen et a l . (1954), with adaptations of the Murphy and 
Riley method (Watanabe and Olsen, 1965). 
Soi l pH. Soi l pH wa s determined on a 1 : 1 soil-water suspension 
using a Corning Model 10 pH me t er with a gl ass el ec trode. 
Electrical conductivity. El ec t rical conductivity of the satura -
tion extract was determined by the procedure descr ibed by the United 
States Sa l i nity Laboratory Staff (1954) using a Solu-bridge Soi l 
Tester for measuring the conduct ivi t y . 
Soil t exture. Soi l t extur e was estimated using the feel method. 
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Plant phosphorus. Plant phosphorus was determined by the proce-
dures of Chapman and Pratt. 
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RESULTS AND DISCUSSION 
Field experiment 
Alfalfa yield - Minersville. Table 3 shows the yield of the 
second and third cuttings at Minersville. The statistical analysis 
as shown in Tab l e 4 shows that there was no significant difference 
between the four treatment s at the 0.05 level . This indicates that the 
initial P content of the soil was sufficient for alfalfa growth. 
Figure 1 shows the yield vs P for the two cuttings. It is clear 
that the yie ld of the second cutting was greater than the third 
cutting. This can be attributed primarily to the physiology of the 
alfalfa. Figure 1 also shows the sum of the averages of the two cut-
tings vs P added. 
Table 3. Yields of a lfalfa at Minersville as inf luen ced by the 
application of concentrated superphosphosphate (tons dry hay/ 
acre 
Replications 
1 
2 
3 
4 
Ave. 
3 
4 
Ave. 
0 
1. 35 
1. 54 
1. 38 
1. 45 
1. 43 
1.19 
0.93 
0. 90 
0.93 
0.99 
2.42 
Treatments 
10 
Second 
I. 36 
1. 41 
l. 49 
1.41 
1.42 
Third 
1. 09 
0.97 
1. 04 
1.03 
I. 03 
Total 
2.45 
- applied P/acre (pounds) 
20 30 40 
cutting 8/1/75 
1.41 1. 47 1.51 
1. 4 7 1. 21 1.48 
1. 62 1. 57 1.11 
1. 62 1.67 1.40 
l. 53 1. 48 1.40 
cutting 9/5/75 
0.97 1.09 l. 04 
0.97 J .18 1.16 
1.14 I. 01 1. 16 
I. 02 l. 02 1. OS 
1. 02 1.08 1.10 
yields - two cuttings 
2.55 2.56 2.50 
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Table 4. Analysis of variance for alfalfa yield at Minersville as 
influenced by the application of concentrated superphosphate 
Source df MS F 
Second cutting 
Total 19 
Block 3 
Treatment 4 0.01432 0.6763# 
Error 12 0.021 18 
Third cutting 
Total 19 
Block 3 
Treatment 4 0.00807 0.9442# 
Error 12 0 . 00854 
Total 
Total 19 
Block 3 
Treatment 4 0.0155 0. 725# 
Error 12 0.02133 
#NS 
Alfalfa yie l d - Erda. Table 5 shows the yie l d of the first, 
second, and third cuttings at Erda. The statistica l analysis, shown 
in Tab l e 6, indicates no significant difference in yields between the 
four treatments at the 0.01 l evel. Apparentl y the P content of the 
soi l was enough to meet the demands of the crop. Figure 2 shows yield 
of each of the three cuttings vs P added. The yie ld of the first 
cut t ing is t he highest and the third cutting is the lowest at al l 
levels of added P. Figure 2 also shows the average total yields as 
related to P added. 
From the statistical analysis, the relationship between the 
yield vs P added at both l ocations could not be represented by linear 
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Figur e I . Al fa l fa yie ld at Minersvi ll e as r e l a t ed t o l eve l s of app l ied 
P and t ime o f cutti ng. No s i gnificant diffe r ences at 0.01 
l eve l as ind i cated in Tab l e 4. 
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Figure 2. Alfa lfa yield at Erda as related to levels of app lied P 
and time of cutting. No significant differences at 0 .01 
level for all the cuttings except for the second cutting as 
shown in Tab l e 6. 
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Table 5 . Yields of alfalfa at Erda as influenced by the application 
of concentrated superphosphate (tons dry hay/acre) 
Treatments - pounds app lied P/acre 
Replications 
0 10 20 40 80 
First cutting 6/1 1/1975 
1 1. 34 1. 51 1. 31 1. 72 1. 56 
2 1. 57 1. 48 1.48 1.55 1. 55 
3 1. 21 1.48 1.72 1.69 1. 54 
4 1. 72 1. 03 1. 37 1. 51 1.45 
Ave. 1.46 1. 38 1. 4 7 1. 62 1. 52 
Second cutting 7/30/ 1975 
1 1. 37 1. 25 1.43 1. 37 1. 56 
2 1. 52 1.18 1. 50 1. 31 1. 58 
3 1. 38 1. 06 1. 30 1. 55 1. 41 
4 1. 41 1. 15 1. 17 1. OS 1. 53 
Ave. 1. 42 1.16 1. 35 1. 32 1. 52 
Third cutting 9/23/1975 
1 1. 20 1. 25 1. 22 l. 23 1. 36 
2 1. 52 0.98 1. 32 1. 26 1. 25 
3 1. 26 0. 81 1. 37 1. 35 1.12 
4 1. 14 1. 01 0.97 1. 06 1. 24 
Ave. 1. 28 1. 01 I. 22 1.22 1. 24 
Total lields - three cuttings 
4.16 3.55 4.04 4.16 4. 28 
or quadratic or cubic models. Coefficients of determination (R2) of 
these models are as follows: 
Linear Quadratic Cubic 
Minersville 0.017 0 . 17 0.17 
Erda 0 . 14 0. 14 0.29 
Table 6. Analysis of variance of alfalfa yield at Erda as influenced 
by the application of concent r ated superphosphate 
Source df MS 
First cutting 
Total 19 
Block 3 
Treatment 4 0 .032 
Error 12 0.0344 
Second cutting 
Total 19 
Block 3 
Treatment 4 0.0707 
Error 12 0.01415 
Third cutting 
Total 19 
Block 3 
Treatment 4 0.0443 
Error 12 0.0206 
Total 
Total 19 
Block 3 
Treatment 4 0.333 
Error 12 0.1053 
*Significant difference at 0.05 level. 
#NS 
Phosphorus content in plant tissues 
F 
0. 931 # 
4.998* 
2 .156# 
Minersville. Table 7 contains data showing the P percent in the 
plant tissue for each treatment at Minersville in the second and the 
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third cuttings. This table shows that the P content in the plant tissue 
was essentially the same for all the treatments. This gives further 
evidence that the initial P content of the soil was adequate for 
supplying the necessary P to the crop. This suggests that this soil 
was not deficient in P for the a lfalfa. Figure 3 shows the percent P 
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Figure 3 . AI fal fa yi e ld at Erda as related to l evels of appli ed P 
and t ime of cutting . No s ignifi cant differences at 0.01 
l eve l for all the cuttings except for the second cuttin g 
as shown in Tab l e 8. 
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Table 7. Phosphorus concentration in alfalfa at ~hnersville as influ-
enced by the rate of application of concentrated super-
phosphate 
Replications Treatments - ~ounds a[>~lied PLacre 
0 10 20 40 RQ 
Second cutting 
1 0.27 0.27 0.30 0.28 0.30 
2 0.27 0.30 0.28 0.28 0 . 27 
3 0.26 0.28 0.29 0.27 0.29 
4 0.26 0.27 0 . 27 0.26 0.31 
Ave. 0.27 0.28 0.28 0.27 0.29 
Third cutting 
1 0 . 24 0.23 0.23 0.25 0.23 
2 0.24 0.23 0.27 0.22 0.22 
3 0.23 0.25 0.21 0 .24 0.25 
4 0.21 0.25 0.26 0.24 0.23 
1\ve. 0. 23 0.24 0.24 0 .2 4 0. 23 
in plant tissues vs P added at Minersville for each of the second and 
third cuttings. The P content of the tissues in the second cutting was 
greater than in the third cutting. The coefficient of determination 
(R2) for the linear model for these data is 0.084. The statistical 
analysis shows that there were no signifi cant differences in P content 
of the plant tissues with the four treatments as shown in Table 8. 
Erda. Table 9 presents the percent P in the plant tissue for each 
treatment at Erda for the three cuttings . Table 10 shows that there 
were no significant differences between the four treatments; i.e., 
adding the P to the soil did not increase the P content in the plant 
tissues. The same trend is indicated at both locations. Figure 4 
shows the P percent vs P added for the three cuttings. The coefficient 
of determination for the linear mode for these data is 0.043. 
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Table 8 . Analysis of variance of P concentration at Minersville as 
influenced by the rate of application of concentrated 
superphosphate 
Source df MS F 
Second cutting 
Total 19 
Block 3 
Treatment 4 0. 00046 2.627# 
Error 12 0.000174 
Third cutting 
Total 19 
Block 3 
Treatment 4 0. 00011 0.306# 
Error 12 0.000351 
Total 
Total 19 
Block 3 
Treatment 4 0.000176 1. 659# 
Error 12 0.000106 
#NS 
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Table 9. Phosphorus concentration in alfalfa at Erda as influenced 
by the rate of application of concentrated superphosphate 
Replications 
l 
2 
3 
Ave. 
l 
2 
3 
4 
Ave. 
3 
4 
Ave. 
0 
0 . 20 
0.22 
0.23 
0. 22 
0.22 
0.25 
0.25 
0.25 
0.24 
0.25 
0.19 
0.20 
0.20 
0. 19 
0.20 
Treatments - pounds app lied P/acre 
10 20 40 
Percent Phosphorus (P) 
0.22 
0.22 
0.21 
0. 24 
0.22 
0.22 
0.24 
0.23 
0.24 
0.23 
0.19 
0 . 19 
0.20 
0.20 
0.20 
First cutting 
0.24 
0.22 
0.22 
0.22 
0.22 
Second cutting 
0.27 
0.25 
0.26 
0.22 
0.25 
Third cutt i ng 
0.20 
0.20 
0.22 
0.20 
0.20 
0.21 
0.22 
0.22 
0.24 
0 . 22 
0.21 
0.22 
0.25 
0.22 
0.22 
0.20 
0.21 
0.20 
0.20 
0.20 
80 
0. 22 
0.25 
0.23 
0.25 
0.24 
0.22 
0. 25 
0.25 
0.25 
0.24 
0.18 
0.20 
0.20 
0.21 
0. 20 
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Table 10. Analysis of variance of P concentration at Erda as influ-
enced by the rate of application of concentrated super-
phosphate 
Source df MS F 
First cutting 
Total 19 
Block 3 
Treatment 4 0.00023 1.59# 
Error 12 0.000142 
Second cutting 
Total 19 
Block 3 
Treatment 4 0 . 000443 2.019# 
Error 12 0.00022 
Third cut ting 
Total 19 
Block 3 
Treatment 4 0.000083 1.478# 
Error 12 0.000056 
Total 
Total 19 
Block 3 
Treatment 4 0.000092 1. 085# 
Error 12 0.000085 
#NS 
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Figure 4. Phosphorus (P) concent ration in a lfalfa at Erda as relat ed 
to th e l eve l of app l ied P and time of cutting . No 
significant di fferences at 0.01 l eve l as shown in 
Tab l e 10. 
Soil-test phosphorus in parts per 
mi Ili on 
33 
Minersville. Tab l e 11 contains data on soil-test P in the topsoil 
befor e the treatments were app l ied and after the third cutting. It 
also shows the soi l-test P in the subsoi l in the untreated plots aft er 
the third cutting. According to the guidelines followed by the USU 
Soil Testing Laboratory, this soil is considered to be low in available 
P, since it averages only 5.25 ppm . Based on this, the crop shou ld res-
pond to the addition of P. In several previous cases where the soil 
was deficient in P and the crops did not respond to the addition of P, 
it was explained on the basis of a relatively high content in the sub-
soi l. This does not apply here, because the so il, as shown in Table 11, 
has a very l ow l evel of Pin the subsoil (1 . 1 ppm) wh ich probably was 
not enough to meet th e crop demand s. 
Tab l e 11. Soi l -test pho sphorus in parts per million at Minersville 
Treatment - pounds applied P/acre 
0 10 20 40 80 
3/6/75 9/ 19/75 9/19/75 
0-12 in 0-12 in 12- 24 i n 0-12 in 
7.0 5 . 6 O.R 9.5 9. I 7.5 17. 0 
4 . 0 3.9 1. 3 9.3 II. 0 13.0 9.0 
5.7 6.7 1. 2 6.7 6.9 12 . 0 14.0 
4.3 4.6 1.0 9.0 16.0 14.0 37.0 
Ave. 
5.25 5.2 1.1 8.6 lO .R 11. 6 19 .2 
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Referring to Table 11 again, the amount of soi l-test P after har-
vesting was exact l y equal to the P con t ent before. This may indicate 
that the soil had the capacity to replenish the depletion of P by the 
crop. This result is shown in Figure 5 in which the soil test P is 
plotted against the P added. Th is figure shows that the residual 
effect increases as the amount of added P increases. This increase is 
signifi cant at 0.05 level as indicated in Table 12. 
Table 12. Analysis of variance of soil-test Pat Minersville as 
influenced by the rate of application of concentrated 
superphosphate 
Source df MS 
Total 19 
Block 3 
F 
Treatment 4 107.76 
30.22 
3.566* 
Error 12 
Erda . Tahle 13 shows the initial content of soil-test Pin the 
soil and the soil-test P of al l the plots after the third cutting. It 
also shows th e soil -test P of the subsoi l in Treatment A after the 
third cutti ng. In treatment s A and B, the soil -test P after har vesting 
was slight l y lower than at the beginning of the experiment. This may 
be a result of soi l-test variation or it may indicate depletion. The 
lack of correlation between soi l-test P and applied P may have resulted 
from the soil sampling procedure, in that the samp l es taken apparently 
missed the ferti li zer granu l ~s app li ed. More subsamples should have 
been taken. This result is shown in Figure 6 in which soil-test P 
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Figure 5. Soli-test phosphoru s (after harves t i ng three cuttings of 
alfalfa) as influenced by th e rate of applied phosphate. 
There is a significant difference at 0.05 l eve l as shown 
in Table 12. LSD = 8.47. 
3S 
*Taken a fter the three cuttings a t ~1inersvi ll e . Depth of soil samp l e 
wa s 0- 12 inches . Initial l eve l was 5.25 ppm. 
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Table 13. Soil test phosphorus in rarts per mi llion at Erda 
Treatments - pounds applied P/acre 
0 10 20 40 80 
3/25/75 9/23/75 9/2.3/75 
0-12 in 0-12 in 12-24 i n 0-12 in 
3.6 3.6 1.8 4.8 6.8 7.8 6.1 
3. 7 5.6 2.7 4.9 4.0 6.5 10.8 
5. 7 4 . 7 2.1 5.2 5 . 3 14.0 12.0 
7 . 2 5.0 3.1 4.4 5 . 3 10.6 7.0 
Ave. 
5.05 4.7 2.4 4.8 5.4 9.7 9.0 
is plotted against the P added. Tahle 14 indicates that the residual 
effect increases significantly with increasing Pat the .OS l eve l. 
Figure 7 shows the effect of six month s growing alfalfa on the 
soil-tes t values for P. At Minersville, the so il-test P remained 
constant before and after harvest in g . At Erda a slight decrease in the 
soi l-test P occurred. Both soils had a similar initial soil-test P. 
It may he that the soils at Minersville and Erda have the capacity to 
replenish the P in th e soil solution. 
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0 10 20 40 so 60 70 80 
Pounds applied P/acre 
Figure 6 . Soi l - t es t phosphorus (aft er harvest in g three cutti ngs of 
a l fa l fa) as infl uenced by t he rate of appl i ed phosphate. 
There i s significant difference at 0.01 l eve l as shown in 
Tah l e 14. LSD= 3 . 03 . 
*Taken after the t hree cuttings at Erda. Depth of soil sample was 
0-12 i nches. I nit i a l level was 5.05 ppm . 
Table 14. Analysis of vari ance of soil-test P at Erda as influenced 
by the rate of appli ca tion of concentrated superphosphate 
Source df 
Total 19 
Block 3 
Treatment 4 
Error 12 
*Significant at 0.01 level. 
Green house experimen t 
MS 
22.68 
3 .87 
F 
5.86* 
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Alfalfa yield on Minersville and Erda soi ls. The two soils behaved 
the same concern ing alfalfa yield. Tables I S and 17 contain the yie ld 
of dry a lfalfa for each cutt in g on th e Minersville and Erda soi l s , 
respectively . The result s of the gr eenhou se experiment agree with the 
fie ld experiment. It is clear that t here is no effect of adding P on 
the yie ld as indicated in Tab l es 16 and 18. Figures 8 and 9 show the 
dry weight vs Padded for both soils. 
M Minersvi 11 e 
E Erda 
II March 1975 
0 September 1975 
6 M 
E 
5 
4 
3 
2 
0 
Figure 7 . The e ffect of s ix months of growj ng alfalfa on the soi !-
t es t phosphorus on plot s receiving no fertil izer. 
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Table 15. Yields of alfalfa in the Minersville potted soil as 
influenced by the application of phosphate 
Replications Treatments - grams of P/pot 
0 0.0125 0.025 0.05 0. 1 
Dry weight 
- grams/pot 
First cutting 
I 2.57 3.06 2.93 3.17 3. 47 
2 3.66 2.76 2 . 85 2.97 2 . 63 
3 3.36 4 . 06 2.84 4.00 2.60 
4 2.85 3.84 2.70 2.90 2.94 
Ave. 3 .11 3.43 2.83 3.26 2.91 
Second cut ting 
I l. 81 l. 52 l. 54 2.02 I. 5 l 
2 l. 25 l. 54 l. 57 2.14 l. 52 
3 1.42 2. 13 1.60 2.14 2.19 
4 2 . 00 2 . 10 l. 54 1.82 l. so 
Ave. l. 62 l. 82 l. 56 2.03 1.68 
Third cutting April 30, 1976 
1 2.80 2.26 1.60 2.57 l. 95 
2 2.03 2.07 2.69 3.05 2.37 
3 2.32 2.48 l. 90 2.65 2.75 
2.38 3.44 l. 85 3.34 2 . 20 
Ave. 2.38 2.56 2.0 1 2.90 2.32 
Total-averages of three cuttings 
7.11 7.81 6.40 8.19 6.9 1 
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Table 16. Analysis of variance of alfalfa yield in the Minersville 
potted soil as influenced by the application of phosphate 
Source df MS F 
First cutting 
Total 19 
Block 3 
Treatment 4 0. 243 l. 01!9# 
Error 12 0.223 
Second cutting 
Total 19 
Block 
Treatment 4 0.14 l. 93# 
Error 12 0.073 
Third cutting 
Total 19 
Block 3 
Treatment 4 0.432 2 .165# 
Error 12 0.199 
Total 
Total 19 
Block 3 
Treatment 4 2.056 3. 134 # 
Error 12 0.522 
#NS 
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Table l 7 Yields of alfalfa in the Erda potted soil as influenced 
by the application of phosphate 
Replications Treatments - grams of P/pot 
0 0 . 0125 0.025 0.05 0.1 
Dry wei ght - grams/pot 
First cutting 
3. 18 2.80 2 . 72 3.23 3.10 
3.12 2.42 2.75 3.90 2 . 53 
3 2.75 3 . 03 2.52 3.87 3.19 
4 3.15 3.70 2 .78 3.30 2.61 
Ave. 3.05 2.99 2.69 3.58 2.86 
Second cutting 
1 1. 70 1. 96 1. 33 1. 91 1. 82 
2 1. 43 2.01 1. 90 1. 24 1. 97 
3 1. 42 2.66 1. 32 2.22 1.87 
2.04 2 . 05 1. 78 1. 91 1. 60 
Ave. 1. 65 2.17 1. 58 1. 82 1.82 
Thi rd cutting April 30, 1976 
1 2.60 1. 75 3.08 2.95 2.75 
2 2.52 2.50 2. 72 3.25 2.49 
3 2.10 2 . 82 1. 68 3.10 3. 12 
4 2.92 3.90 2 .30 2.70 2.60 
Ave. 2.54 2.74 2.45 3.00 2 . 74 
Total-averages of three cuttings 
7. 24 7 .90 6. 72 8 .4 0 7.42 
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Table 18. Analysis of variance of a lfalfa yie ld in th e Erda potted 
soil as influenced by the application of phosphat e 
Source df MS F 
First cutting 
Total 19 
Block 3 
Treatment 0.443 3.171 # 
Error 12 0.14 
Second cutting 
Tota l 19 
Block 3 
Treatment 4 0.208 1.91# 
Error 12 0.109 
Third cutting 
Total 19 
3lock 3 
Treatment 4 0.185 0.57# 
=:rror 12 0.33 
Total 
rota1 19 
llock 3 
rreatment 4 1. 644 1 .722# 
3rror 12 0.954 
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re l ated to rate of phosphate app l ied. No significant 
differ ence at 0.01 leve l as shown i n Table l fi. 
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Figure 9. Average y i e ld of alfalfa in Erda potted soil as r e lat ed 
to rate of phosphate applied. No significant difference 
at 0.01 leve l ag s hown jn Tah l e J R. 
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Phosphorus content of the plants grown on the ~tinersville and Erda 
soils. Tab l es 19 and 20 contain data on the percentage of P in the 
plants grown on the Minersville and Erda soils, respectively. The P 
content is apparently in the critical r ange. These result s do not 
agree with the field experiment . Treatments A and Bon the Minersv ille 
soi l appeared to show a deficiency in P because the P content was l ess 
than the assumed critical level. Essent ia ll y there is no effect on 
the P content o f the plant tissues with the different levels of P 
added at Erda as shown in Table 22, which agr ees with the result s of 
the field experiment; but t her e is significant effect on P content of 
the plant ti ssues at ~1inersvi li e as shown in Table 21. 
Soil-test phosphorus - Miner svjl l e so il. Table 23 shows the 
in itia l soi l - test Pin th e Mjnersvi ll e soil and the soil-test P for 
each treatment after harvesting the three cut tings in the gr eenhouse. 
Th e i nit ia l conten t was higher th an in Tabl e 9 because the samp l e was 
taken from the surface 2-3 inches. This high soi l-tes t P value may 
exp l ai n the no-yie ld response in the fie l d p lots. It is c l ear that 
the soil- t est P decr eased at the end of the experiment in treatment s 
A, B, and C while in treatment D th e soi l -tes t P increased slightly. 
In treatment E, there was a hi gh increase in soil-test P. Table 24 
shows a sjgni ficant increase in soj J -test P with increasing th e amount 
of app li ed P. 
Soil-test phosphorus - Erda soi l . The same trend was similar 
on the Erda soil as was s hown for the Minersville soil. Treatments 
~. 8 , and C showed a decrease in soi l - t est P, whi le the other treat-
~ents appeared to result in an increase. Table 25 contains data on 
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Table 19. Phosphorus concentration in alfalfa grown in the Minersville 
potted soil as influenced by the rate of application of 
potassium phosphate 
Replications Treatments - grams of P/pot 
0 0.0125 0.025 0 . 05 0.1 
Percent P in alfalfa 
First cutting 
.175 .16 .175 .175 .175 
.16 .16 .195 .186 . 195 
3 .15 .16 .18 . 186 .21 
4 .165 .165 .186 .175 . 195 
Ave. .16 . 16 .18 .18 .19 
Third cutting 
1 . 17 .16 .21 .215 . 20 
2 .16 .16 .20 .20 .21 
3 . 18 . 16 . 18 .1 8 .186 
.18 .186 .186 .186 .20 
Ave. .17 . 17 . 19 .19 .2 
Table 20 . Phosphorus concentrations in alfalfa grown in the Erda pot-
ted soil as influenced by the rate of application of 
potassium phosphate 
Replications Treatments - grams of P/pot 
0 O.fll25 0.025 0.05 0 .l 
Percent P in alfalfa 
First cutting 
.16 .175 . 18 .1 8 .1 8 
.1 75 .186 .1 8 .186 . 175 
3 .18 .15 .165 . 175 . 195 
.175 . 186 .16 .165 . 186 
Ave. .17 . 17 .17 . 18 .18 
Third cutting 
l . 186 .175 .165 .175 .18 
2 . 186 .16 . 175 .165 .17 
3 . 186 . 15 .18 .175 .17 
4 .175 . 20 .18 .195 .186 
Ave. . 18 .17 .18 . 18 .18 
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Table 21 . Analysis of variance of P concentration in the Minersville 
potted soil as influenced by the rate of application of 
potassium phosphate 
Source df 
Total 19 
Block 3 
Treatment 4 
Error 12 
Total 19 
Block 3 
Treatment 4 
Error 12 
Total 19 
Block 3 
Treatment 4 
Error 12 
*Significant at 0.01 level. 
MS 
First cutting 
0.000798 
0.000097 
Third cutting 
Total 
0.00088 
0.00015 
0.000833 
0.000069 
F 
8.24* 
5. 743* 
12.036* 
49 
Table 22. Analysis of variance of P concentration in the Erda potted 
soil as influenced by the rate of application of potas-
sium phosphate 
Source df MS F 
First cutting 
Total 19 
Block 3 
Treatment 4 0.000102 0.714# 
Error 12 0. 000143 
Third cutting 
Total 19 
Block 3 
Treatment 4 0.0000762 0.603# 
Error 12 0.000126 
Total 
Total 19 
Block 3 
Treatment 4 0.0000575 0. 711 # 
Error 12 0.000081 
#NS 
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Table 23. Soil-test phosphorus* in the Minersville potted soil (after 
three cuttings of alfalfa) as influenced by the rate of 
application of potassium phosphate 
Treatment - grams of P/pot 
0 0.0125 0.025 0.05 0. l 
9.5 10.7 13. l 19.0 23.5 
9.3 10. l 13.2 16.0 21.6 
8.3 10.3 13.9 16.0 25.5 
l 0. l 11.3 13 .4 17.0 28.2 
Ave. 
9.3 10.6 13.4 17 . 0 24 .7 
*P content before planting was 16 ppm. 
Table 24· Analysis of variance of soil-test Pin the Minersville 
potted soil as influenced by the rate of application of 
potassium phosphate 
Source 
Total 
Block 
Treatment 
Error 
df 
19 
3 
4 
12 
*Significant at 0.01 level. 
MS 
152.5 
]. 91 
F 
79.9* 
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Table 25. Soil-test phosphorus* in the Erda potted soil (after three 
cuttings of alfalfa) as influenced by the rate of applica-
tion of potassium phosphate 
Treatments - grams of P/pot 
0 0.0125 0.025 0.05 0.1 
7.3 8.5 10.3 11.4 19.7 
7 .I 9.2 10.0 12.6 !8.6 
7.3 7.7 8.7 18.4 19.8 
8.3 6.4 11.5 11.0 18 .8 
Ave. 
T5 7.95 10.13 13.35 19.23 
*P content before planting was II ppm. 
the initial soil-test P in each treatment after the three cuttings. 
Table 26 shows a significant increase in soil-test P with increasing 
the amount of applied P. 
Table 26. Analysis of variance of soil-test P in the Erda potted 
soils as influenced by the rate of application of potassium 
phosphate 
Source 
Total 
Block 
Treatment 
Error 
df 
19 
3 
4 
12 
*Significant at 0.01 level. 
~IS 
93.51 
3.47 
F 
26.91* 
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SU~~RY AND CONCLUSIONS 
Summary 
Based on previous investigations conducted by the Soil Testing 
Laboratory staff at Utah State University, a tentative soil-test 
standard is being used describing the adequate levels of available P 
in Utah soi ls. This standard divides the soil P s t atus into three 
different levels: soils with less than 8 ppm extractable P {NaHC03-P) 
are considered to be low in P. Soils which contain between 8-10 ppm 
are considered to be medium. Soils which contain more than 10 ppm are 
considered to have enough available P, and the crops are not likely to 
respond to P addi tions to the soi l . To test the validity of this 
standard, and to correlate the so il - test phosphorus with crop response 
to fertilizer, field experiments were conducted at two different loca-
tions in Utah. One test was located on an alfalfa field in Tooele 
County (Erda), and the other on an alfalfa field in Minersville. On 
the fields selected, no fertilizer had been applied for many years. 
Three cuttings were taken from each location. The yield/acre was 
calculated . Dry weight percentage was measured and twenty plants 
{the top two-thirds) were taken for measuring the P percent in the 
plant. The check plo t s in each experiment (Treatment A) were sampled 
at depth 0-12 inches before fertiliz er application and at the end of 
the experiment. Subsoil samples at depth 12-24 inches were taken 
also from the check plots at the end of the experiment. Surface soil 
samples were collected from the rest of the plots at the end of the 
experiment. The soi l samples were used to determine the NaHC03-P. 
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The two soils at the two locations, according to the soi l -test 
criteria were considered to be low in available P, and the crop would 
be expected to respond to P fertilizer. The yield data show that 
a lfalfa did not respond to the addition of P. These findings cou ld 
be justified if the subsoil had a high level of available P; but the 
subsoil was found to be very low in avai l able P. These re sults show 
that the soi l s at the two locations, though they contained less than 
the tentatively-established criteria for deficiency of P, could provide 
the crop with sufficient P to meet its needs. Another proof that the 
soils at the two locations were not deficient in P is the P content 
of the plant tissues. It was found that the plant tissues were above 
the crjtica l leve l in P. 
A greenhouse experiment where alfalfa was grown in topsoil from 
the two sites gave added evidence to the conclusions reached in the 
fie ld tests. 
Conclusions 
The results of the two experiments at Minersville and Erda, both 
in the field and in the greenhouse are somewhat at variance with the 
criteria used for fertilizer recommendation for two reasons: first, 
the crop did not respond to P fertilizer although soi l -test results 
indicated low leve ls of available I'; second, the P content of the crop 
was higher than the critical level for P. According to these results 
one may conclude that the criteria used need to be modified. 
The ineffectiveness of the fertilizer could not be explained by 
the conversion of the available P in the fertilizer to unavailable form, 
since the soil-test P increased at the end of the experiment and the 
check plots sustained the previous level of available P . 
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The ineffectiveness of the fertilizer could be due to the rela-
tively high soil-test P in the surface 3 inches which was 16 ppm in 
Minersville soil and II ppm in Erda soil. Since the no-yield response 
in soils l ow in soil-test P was explained by a high subsoil P, it may 
be reasonable to explain the lack of response in these soils to the 
high soil-test P values at the surface of the soils. The source of 
this P may be due to the decomposition of plant residues. 
Suggestions 
Since soi l tests arc important ln giving va lid fertilizer 
recommendations to farmers, more research is needed in Utah on the 
curre l atJon of soil-test P to crop response to app li ed phosphate. 
LITERATURE CITED 
Amer, F., D. R. Bouldin, C. A. Black, and F. R. Duke. 1955. 
Characterization of soil phosphorus by anion exchange resin 
adsorption, and p32 equilibration. Plant and Soil 6:391-408. 
55 
Baker, D. E. 1973. A new approach to soil testing. II. Ionic 
equilibria involving H, K, Ca, Mg, Mu, Fe, Cu, Zn, Na, P, and S. 
Soil Sci. Soc. Amer Proc. 37:537-541. 
Blanchar, R. W., and A. C. Caldwell. 1964. Phosphorus uptake by plants 
and readily extractable phosphorus in soils. Agr. Jour. 56:218-221. 
Bray, R. H., and L. T. Kurtz. 1945. Determination of total, organic 
and available forms of phosphorus in soils . Soil Sci. 59:39-45. 
Chang, S. C., and S. R. Juo . 1963. Available phosphorus in relation 
to forms of phosphates in soils . Soil Sci. 95:91-96 . 
Chai, C. M., and F. D. Parker. 1965. Methods of analysis of soils, 
plants, and water. p. 170 . 
Cole, C. V. 
soils. 
1956. Hydrogen and calcium relationships of calcareous 
Soi l Sci. 83:141-150. 
Dean, R. , and D. S. Ruhal. 1972. Status availability of phosphorus in 
calcareous soils of Rajasthan. Ind. Jour. Agr. Sci. 42:316-321. 
Dow, A. I. 1974. Principles of soil sampling for Northwest agriculture. 
Proceedings, Twenty-fifth Annual Pacific-Northwest Fertilizer 
conference, Richland, Washington. p. 115. 
Fife, C. V. 1958. An evaluation of NH4F as a selective extractant for Al-bound soil phosphate. II. Preliminary studies on soils. 
Soil Sci. 87:83-88. 
Franklin, W. T., and H. M. Reisenauer. 1960 . Chemical characteristics 
of soils related to phosphorus fixation and availability. Soil Sci. 
90:192-200. 
Fried, M., and L.A. Dean. 1951. 
of available soil nutrients. 
A concept concerning the measurement 
Soil Sci. 73:263-27 1. 
Griffin, G. F. , 1971. Effect of liming on the soil test level of 
phos phorus as determined by three methods. Soil Sci. Amer. Proc. 
35:540-541. 
56 
Grigg, J. L. 1965. Inorganic phosphorus fractions in South Islands 
soil and their solubility in commonly used extracting solutions. 
N.Z. Jour. Agr. Res. 8:313-326. 
Griffin, R. A., and J. J. Jurinak. 1973. The interaction of phosphate 
with calcite . Soil Sci. Soc. Amer. Proc. 37:847-850. 
Halvorson, A. R. 1970. Current status of soil test standardization in 
the five Northwest States. Proceedings, Twenty-first Annual 
Pacific Northwest Fertilizer conference. Sal t Lake City, Utah . 
pp. 135-139. 
John, M. K., A. L. Van Ryswyk, and J. L. Mason. 1967. Effect of 
soil order, pH, texture, and organic matter on the correlation 
between phosphorus in alfalfa and soil test values. Can. Jour. Soil 
Sci. 47:157-161. 
Kliewer, W. H. , and W. K. Kennedy. 1960. Studies on the response of 
legumes to molybdenum and lime fertilization on Maridin silt loam 
soil . Soil Sci. Soc. Amer. Proc. 24:377-380. 
Lamborn, R. E. 1971. Soil test precision among nine western states. 
Proceedings, Twenty-second Annual Fertilizer Conference of t he 
Pacific Northwest. Bozeman, Montana . pp. 148-156. 
Lamborn, R. E. 1975 . Tentative soil test adequacy levels for P and 
K. Northwest Soil and Plant Test Group. Proceedings, Twenty-sixth 
Annual Fertilizer Conference of the Northwest. Salt Lake City, 
Utah. pp. 195-196. 
Larsen, S., and A. E. Widdowson. 1970. 
precipitation in a calcareous soil. 
Evidence of dicalcium phosphate 
Jour. Soil Sci. 21:364-367. 
Logan, T. J., and E. 0. Mclean . 1973. Effects of phosphorus app l ication 
on rate, soil properties, and leaching made on phosphorus movement 
in soil columns. Soil Sci. Soc. Amer. Proc. 37:371-374 . 
Mahtab, S. K. , A. R. Swoboda, C. L. Godfrey, and G. W. Thomas. 1972. 
Phosphorus diffusion in soils. II. The effect on phosphorus up-
take by plants. Soil Sci . Soc. Amer. Proc. 36:55-57. 
Martens, D. C., J. A. Lutz, and G. D. Jones. 1969 . Form and availa-
bility of phosphorus in selected Virginia soi l s as related to 
available phosphorus tests. Agr. Jour. 61:616-621. 
Massengale, M. A. , A. K. Dobrenz, H. A. Brubaker, and A. E. Bard. 
1971. Response of alfalfa to light interruption of the dark 
period. Crop Sci. 11:9-12. 
Matar, A. E., and M. Samman . 1975. Correlation between NaHC03-
extractable phosphorus and response to phosphorus fertilization in 
pot tests. Agr . Jour . 67 :616-618. 
Matocha, J. E., B. E. Conrad, L. Reyes, and G. W. Thomas. 1970 . 
Residual value of phosphorus fertilizer on a calcareous soil. 
Agr. Jour. 62:572-574. 
57 
Nielson, R. F., and R. E. Lamborn. 1970. 
phosphorus status of dryland soils in 
Twenty-first Annual Pacific Northwest 
Salt Lake City, Utah. pp. 146-149. 
A progress report on the 
northern Utah. Proceedings, 
Fertilizer Conference. 
Nielson, R. F., J. P. Thorne, and G. T. Baird. 1955. Fertilizer 
requirement of alfalfa hay in Utah. Utah Agr. Exp. Sta. Bul. 374. 
Nielson, R. F., G. A. VanEpps, and J. P. Thorne. 1961. 
Utah's Irrigated Soils for Phosphorus and Potassium. 
22(2):46-48. 
Needs of 
Utah Sci. 
Olsen, S. R., C. V. Cole, F. S. Watanabe, and L. A. Dean . 1954. 
Estimation of available phosphorus in soils by extraction with 
sodium bicarbonate. USDA Circ. 939. 
Olsen, S. R., F. S. Watanabe, and C. V. Cole. 1960. Effect of 
sodium bicarbonate on the solubility of phosphorus in calcareous 
soils. Soil Sci. 89:288-291. 
Ozzane, P. G. , and T. C. Shaw. 1968. Advantages of the recently 
developed phosphate sorption test over the older extractant 
methods for soil phosphate. Trans. Ninth Int. Congr. Soil Sci. 
2:273-280. 
Pittman, D. 1'1., and C. Burnham. 1932. Observations on the use of 
commercial fertilizers on the arid soils of Utah. Utah Agr. 
Exp. Sta. Bul. 233. 
Pohlman, G. G. 1946. Effect of liming different soil layers on 
yield of alfalfa and on root development and nodulation. Soil Sci. 
62:255-266. 
Pratt, P. F. and ~1. J. Garber . !964. Corre lat ion of phosphorus 
availability by chemical tests with inorganic phosphorus fractions. 
Soil Sci. Soc. Amer. Proc. 28 : 23-26. 
Sherre ll , C. G. 1970. Comparison of chemical extractions methods for 
the determination of available phosphate in soils. N.Z. Jour. 
Agr. Res. 13:481-493. 
Smith, F. 1'1., B. G. Ellis, and J. Grava. 1957. Use of acid-fluoride 
solutions for the extraction of available phosphorus in calcareous 
soils and in soils to which rock phosphate has been added. Soil 
Sci. Soc. Amer. Proc . 21:400-404. 
S~;enson, R. M., C. V. Cole, and D. H. Seiling. 1949. Fixation of 
phosphate on iron and aluminum and replacement by organic and 
inorganic ions. Soil Sci. 67:3-22. 
58 
Susuki, A. , K. Lawton, and E. C. Doll . 1963. Phosphorus uptake and 
soil tests as related to form of phosphorus in some Michigan soi l s . 
Soil Sci. Soc. Amer. Proc. 27:401-403. 
Thomas, J. H. 1973 . Alfalfa--an ancient crop gone modern. Utah Sci. 
34: 139- 141. 
Thomas, J. H. 1973. Al falfa , our potential l y prodigious queen. Utah 
Sci. 34 :14 2- 144 . 
Thompson, L. F., and P. F. Pratt. 1954. Solubi l ity of phosphorus in 
chemical extractants as indexes to available phosphorus in Ohio 
soi l s. Soi l Sci. Soc. Amer. Proc. 18:467-470. 
Truog, E. 1930. The determination of the readily avai l abl e phosphorus 
of soils. Jour. Amer. Soc . Agro. 22:874-882. 
Turner, R. C., and II. M. Rice. 1951. Ro l e of the fluoride ion in 
re l ease of phosphate adsorbed by a luminum and iron hydroxides. 
So il Sci. 74:141-!48. 
Vaidyanathan, L. V., and 0. Talibudccn. 1970. Rate processes i n the 
desorption of phosphate from soi l s by ion-exchange resins . Jour. 
Soi l Sci. 21 :1 73-183. 
Williams, C. H. 1971. Reactions of surface-app l ied superphosphate 
with soil. II. ~lovement of the phosphorus and su lfur into the 
soil. Aus. Jour. Soil Res. 9:95:106. 
59 
VITA 
Ibrahim Odeh Ghawi 
Candidate for the Degree of 
Master of Science 
Thesis: Phosphorus Availability as Indicated by Alfalfa Response to 
Applied Phosphorus on Soils with Low Soil-test Values. 
Major Field: Soil Science 
Biographical Information: 
Personal Data: Born at Jaffa, Dec . 30, 1943, son of Odeh B. and 
Julia 0. Ghawi; single with three brothers , Elias, Salem, 
and Nabil, and four sisters, Mary Naheel, Klair, and Linda . 
Education: Attended elementary school at Latin school in Amman, 
Jordan and graduated from Bishop's High School in Amman in 
1962. Received the Bachelor of Science degree from Cairo 
University in 1967 with a major in soi l science. Completed 
requirements for the Master of Science degree in soil science 
i n 1977 at Utah State University. 
Professional Experience: Teaching at Al-Hussein College in Amman, 
Jordan. 
